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PROLOGUE 


You KWOCOj ScPHIE / i S0MET//V1E5 

WONDER UIHetfE EV&lSTH^ CA ME FKoM . 

^ ot ° rne universe was w/u>e... 


4^ X 


Has evF 'Rsthiug, 


BEEN rue SAME AS IT IS 
The. eAtf/T p } YrtE -SK^ P 


Has TH£ SKV ALtoflys 


Beerj BLUB 


/4fsYD T>V£ STARS AUJAYS SHONE oucf 

OF A BLACK SKY AT NIQHT ? 




A T THE VE'fi.y BSQINNis/C] ^ ouAL UMVE/Z SE 
UJAS VERY SMPiLL AND V£fty hjOTj LIKE A CONCENTRATED HELL. 

everyth — — ■ — ■ — 

// V up ? J 


Yes. Bu_t s a very lonc^ story / 

AfOD TO TELL it XcO HAVE To START 

A LONS, LoNOi -TIME A(^ 0 . 





^ Hey [ CotAE and 

SEE U3HPT IVb POU^d! 









iy TVI AT S a U^IVtf?5e. ir 

I 

hasn't qot mAKjy *n ,t ". 


Ik 






Buy i-r has 1 
^ j ^ rs ^H/MQS ARE 

^3 -TMese KihJt>S oF 

uMNPERlAlQ UJA^ES. 


'I'HtS PARTICULAR. UMIVeiQSE ONLi H * 5 T*>0 
dimensions, so it's a SURFACE. Sc/mps ON 'tne 

surface correspond to particles, masses, and Rap iation, If /oa were uv/mg 

/N TW/S <100- Z>/MENSlONA L \j0OALt>j 'THIS 15 cuHAT you'D LOOK LIKE. 







It's not ppETry, 
hot pretty *t 


*Irs/ oaA actual 

'fHRee- LlfABNSioNRL U iO&LO, 

PRftricies Arte Also local 
V4ARI ATiotiS /A/ CttRWtH^. 



:£t u)as better 


■o- 


BtFofte • 


7 V/fytfUUi. 


mm 


Mfi H6C< WITH ir... ^ c*u_ n/ 

TrtesC LOXNDERirslC, 6 l/AV 6S PHOTONS- bl{ 


Befop-e urtfiT? 


Oh my Goo my God my Gop ! 

'faeRe fitfi-e moire of th£ th/n$s ( 




'That's not just a um/’ ; bithsr 3 
rr's RcrrHTiNG. Qod Hbl.p us Rll / 


'Tney'/ef l/ks the twists yoo_ 

S»Mfr,«6S «TT .* T«f BEDc^-wes. 
Ort £00.65. .O' »«5e«. c ' s/lzv ‘ rt ’" es 






Yes - LOOK. AT - THAT 

"fHey'tfe /all oven rue 


placet 





;£t's Fwwy — SOME" TURfY 0N£ UW , 
sow? turn the <rrHe *- 


/^ND -JUST 


U*e morons, 'THEY nnove AT 


300, 000 / sec • 

•1'u. call THESE EDD/E 5 A/EUTRlNOS 
toHEN THEY Turn THIS W#/ ; 


.. AA/p /?/VT/WEU'rRlfN/OS ujhen THty Turn/ 



THE OTHER u)fiy ' 



'Xxs 6 uob&l/aj§ Like y&Lti, /smV a ^ 

SI^LE FLAT SPOT Ort THE ENTIRE CpRPeT 7 MG 

Sumps arF ta^hsed ri^ht /next To E/*cr other ( *). 


^H\s UNIVBR se IS 

very unstable . f\ 
Total FAiux.ke 1 


^C-F OTOLV THERE WERE SOME ORDER M TRE-RE 5GMEUJH6RE* 

Burf »t'5 A PERL D06,S D /NMER -- ^VERy *frtlbj§ \aJANDERiNG) abollT 


A-r Random. 


/AfOO £ HATE ' S AMES OF CHANCE ! 



C°saiosol 


T^S un/ 

Co ^/ 9 / 


“WVE RS n U 


P0N } T e^BN LtKF 
PLfW/NG, Dice... 


CHMce, mi FRIEND, 


JS UTTtPLi btAB&UCAL^ 





He-V ) look [ 'TheRb's scwern/hHE, 


HAPPEN/ NO, OOLON THERE [ 


W PRoPeRTy ^oujn As BLACK BODY RADIATION 
( Goo knoujs utny) 





IriNJt. £ uu cau. the bm/vip 5 MATTEf? AMD rue x>eNTS 
ANTIMATTER. THey possess CUWTUflF, ujhich i mpl/es MASS. 




Twe PhoToN, A Bump fl»oo ft 
DCNT Pit TH£ SAME TI/riE , IS 
ITS OU)^ /*NT I PAtfTI Ci-E. 


matter and Antimatter 


BO&N f&OfA 


THE co/jjsIoNS OF PhoToNS y f\??e/\R AT" 
RELATIVISTIC SpE£D5. 


8uMP, DEMT^ THAI'S AM ARBlTRAR? 
DISTINCTION . 




t /vJor 's the Point o’ 
that profound remfpk, \ 

T/RESMS OLD FRiliT T 'TheRF.'s 
FiNC,S LOOT looks luce BUMPS, 
KNb UWEfiL FlN^S LOOT LOOK’S LIKE. 

Vents, that segms 

H OBVIOUS ENOUGH... 


THPT5 BECAUSE WF're ok} THIS SHOE OF -rWE CARPET XF aJg (jJERE 
ON The OTHER Sloe, T He BUMPS NOuld BFC.T>Me OeNTS AND 'TH& 


VENTS BuM PS . 



VuP . . . BUT X CAN 
oNuy 5EE one side I 


'Tire-si as [ 



I 



vr ions anp annihilations or Particles 

'to £AOj of He#. IN a FRANTIC RHYTHM. Ti 

*£? } -rHrRe arf no Rtco^nizablc srtfucrui 
MS. NEUTRiNoS, AtJT i HSU-TfllNO S and A Hi 





iU. CALL thf size OF THFSe 
iOANDeRine< lombs — pHOTOMS' 
-rueiR. WAV£LENGl'd * (i-ftMBPAX, 


/ Suppose X CRFATF /A 
[ TRAVBU NG, uuftve By SH-AKIA/^ 
•THIS Rope . Xf X shake it 
G/eNTlV eC e,ive it very little 

BNBRG , y AND THE uJPtveLEN&,fH 

A is larg, et . 


^ A/ouJ IF X SHFKC THF CORD MUCH) 

harder j X ir /* lot of ENERGY anO 

tHb umvBLe M^-rH A is short. 


EeeeK* 




/ So THe wore ghJERGiy Pi 

UJAV/E HAS y THE SHoflST&R 

\ i x 5 uMi/e length must e£ . 








\J£ PEC.I DED THAT THB EhlERQY Q-AKR\&Z) 

6y R P HOTD In/ ; A PARTICLE of Ll<qH LUlLL 
INVERSELY PROPORTIONAL To its \V AVELEN Gl^ 
A. That is, E varies as J_ v 


[Th Ats THE oW IT BE...) 



THE SMALLER THiNGS ARE 
THE HEAViER THEY ARE 




iHftrs OK For -these ujamderimcs u3fwje.Le.rs 
mamed PHOTONS. But hou) a*?f wje qoiMg; To tfv / 

Ttte DIFFERENCE BETWEgM HI^H BuMP5 and LOW Bu^PS? 
0«. DEMT-S f* 


i'A\ Goim^ To call the sit-F of the pumps amp 
dfmts the/p COMPTON wavelength A c . Them? /WASS m 
coni- bb INVERSELY PROPORTIONAL. So m varies 




^ ^ 

is 


at" 1 ' 


C H/GHLV ENERGETIC PHOTON S ? HAVl M<$ A 

SHORT WAVELENGTH j PRODUCE PARTICLES CfttJO \'.'t 

AMti PaRTicle s) that A$g tall and marrowj that j. ••' 

IS, HAVE A lAR^E MASS rvi . ^fv' 





SMALL 
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LofOQ -WAVELENGTH PHOTONS — > PARTICLES UJIfW LoNQ CoMPToN u)AvE LENGTH . 


Conversely, Photons with relati velV lx>u j evened give irise to A 

PARTICLE' wnPARDCLE Pfi'R WITH LoNfi Compton u)Av£LEhJ(j-rd. "7HAT IS J 
LP\0 MASS: A c LAR^e, m SMALL. 


'XkI FACT, it's REALL/ A LOT SIMPLER . X LAN 
ASSUME THAT X- A c , IN OTrt£« WORDS THAT TH£ 

Particles Cano anti particles) are the same "'size' 

AS THE PHOTONS THAT CREATED THSM. 


/\ND That MEANS THAT ONCE you KNOW 
THE MASS or ANy Particle, you can 
//V 1/V1£D|ATELV DEDUCE THE LOAVSLENG; fW OF THE 
RADIATION -THAT CREATED I T. 



Ui 





Remember that Ef CENeftsy) gauALS to Cmass). See EVERYTHING IS RELATIVE 


SAME SERIES. 



Hold it) 'fneRes som^thinq scxecoy 
about All -this! It won't &o AT Pill... 



Woops, soRRY. 





ptNb V ' 



PROTOMS ond WEUTRoMS have Almost the same mass. 

TheRe E oftF THey have -the same S/zE. Bar an ELecraoN IS 

M*i CH LIGHTER. LoCflCfiLL'/y THE ELECTRO A/ MUST BE... LARqERp 


That's Ri^Ht. The PROTON amp 
NEUTRON wei^h /• 6>C» * /O 17 

ELECTRON WEIGHS I ^ 10 R<S. So its 
1810 TIMES UC,HTef?i THAT IS, 1250 
T/ME s "Ql^efi..'' . . 


I ... £(?... 

OH HECK.. 


Have you. ever 

SEEN A PROTON 





'[tie. 3 ewes is of today is 

tCTTCKLY FASC/wflrifv/ei . 





A HYDROGEN ATOM MORE CLOSELY 
RESEMBLING, nefiurv. (JllH A ^<5 ELECTRO^ 
/VWD A t/NY PROTON MfiKiNS) me its 
Nucleus . 





Soph i e, what aae 
you — . 




/Ay 3op my Gop my God! LUhat chaos j UJell.. 

't- THINK you. PEOPLE CAN HELP /US PuT THIS TUMBLE" INTO 
j 5<3ME SofiT OT OftPEfc. 


RADiATiON - 

TEMPERATURE CJ 



Shucks 


•tnese photons have all. sorts of riff prbnt 

LOftVELENOTHS Rnd ENERGIES. BuT O ueR.HU. THERE: IS 
A De finite Five'R/vGE lorvele no, th /wd aa; average 
ENERGY. 


-The RADI ATI<W ‘TE/WPEfiAIURET T* 

will bE -T ie vnuxe of this Average 


,/V 


S v ' 


Cwe«.Gy of photons. 


Iwm'f What a disaster. . , 


EQUiLiBRiUM STATES 


Caw a mixture of particles wave 
several temperatures ? 


P|/V<5 / 





Ves, BUT U>6’ll 5EE" ABOUT THAT ON/ PARIS' FOR THE MOMENT 

Let's tust stay -that particles exchange energy with each other , o/£ uJiTfJ 

Photon s, through collisions. This mechanism tends to Redistribute the 
'Temperatures, to EQUALIZE them, so putting, the sysTEM /nto A state of 

THERMODyrJAMlC EQUILIBRIUM- 
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THE TEMPERATURE 
OF MATTER 


f\u- -THESE' MATERIAL PARTICLES HfivE 

various masses m and speeds V, the 
Kih/eric evers y OF A PARTICLE IS 2 

Bu-T OVERALL. -THERE IS AA/ RvERAEE 

C^fHERMftLS) ENER.G, y of AGITATION. 


\d ?r° 

a V 

^ \ o**T 



— 



"^nd the T^MPSPATUl?^ OF THE 
M/rm?R , T m j IS THE l/A F 

AVERMS^ energy of thermal 

- AGITATION. 


^ki 


PON K 1 





THERMODVNAMiCS 


Tf a particle has Too much energy, if its too fast, too "hot," 

THEN A COLLISION WITH ANOTHER. PARTICLE uj|u_ SLOW IT Down! 

V and v.ce V E(?SA ,f rr!s too slow. tfr th, s phonon oF 

I ENERGY -COUPLING VIA COLLISIONS |S INTENSE ENOUGH, THEN NOT 
/ ONLY CO ILL THE TEMPERATURES. BE EQUAL ^ mT ^ ey » LL 

<f e< ? uflL - L>H£N you. EXPAND oft. COMPRESS THE MIXTU.R E". 

\ 






qiocy-up/ 




£ # 


W\V 



/ tUANNA 
ft>RA& J MiSTEA?) 


Not SO fast/ 
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THE EVOLUTION 
OF SPECIES 

-The SURVIVAL of a species of 
PARTICLE tS ALWAYS problematic . X T C-AN be 

ASSURZD &y A SufFlCI ENTiy HI C,H RAFf. Of 
PRODUCTION . 


UJrficH herns -Twrr -twe 
f?flVDjF(cmioN rfi^P 'fiftcne.fi Tr ,flS ' rgrp 
6 E T^aw THE RRCSHolD 

-I'E'MP'feAOf&fe ' Triflr 5 *’ ec,e ’ S - 



^fw R.t>OlTl0N } PANICLES HAVC THEiR Ou)f\J 

LIP£''7’/A\CS. /\PfER fUESt Hm/g PASSED*^), ^ 

PAfefict.es pCcoMPost sp^n-taNEduslY iN?0 o'fHefi 

PAfef|CLES ( AND RADIATION. 

(T) e. fi^SEftve OF CHftOhJOl- # uNS 

see EVEftltHlNG 15 RELATIVE. 







'OLV SfAOKB [ 'TitiENNi T&LHoN DECfREES ( £ X 10 ^ fc) 


iHefie seem To te ABoaT Tue isamf numbers of 
Photons, neutrinos t e R otors J nbutRo^s } electrons CanJ> 
TRBIR anti PPtRmcLGS ) . 









: x ,. ^ 

1 

5 

I 

p^J: 


At P HIGH erOouGH TtMBRPTujRF t EVERYTH iHG\ 

15 tf£L0*T|VI5</C. b/e*) particles of mT reft travel 

PT velocities btBA& the speed of uqnT c - 





EVERlTHriC, is RELATIVE uje saw -that- as a Vaduz's 
snep^NDsn the speed of uw t ,rs PROPER T/^C ruxvs uxe ^mp 


Nou) fi 6 rf OF A- ?tfo8CeM, % . ff £ve£yTH/NQ moves AT 

THE spzeo op u^hXj Thb*J TIME (*) ceases To floW AuroqerHEK. 

SC NOTHING) HAPPENS. 


fsJoTrt/*OGi wo^U> Move SLouJty ENOu^ff 
FOR Time TO PLOLaJ ft sforUFlCfiNT 

U)fii t 





A Totalli TIMELESS 
lootziD vouch hrvb no SENSE" 

-TO \T. 


Pef?HflPS Time 15 fl. LUXUR-i TtifiT O N l_y 

SOME UNI\nzASES CflN AFFORD? 



A cosmic -TIME Ti+P(T mi^ht Be -the Ave«A^e of /^dividual Pfi-oPeR TIMES . 








PR.OX ON . 



EVERYTHING FALLS APART 



"Tne situation was -reRAiBLy CHRoiooeewic -time coulo hardly wait to appear. -The 
Caaonotroa/ s-TAttreP up t 'TueRee y PR oducinq thc- first EVENT, -me- First INSTfthJT. 



Z7- 



Wne«£ ARB you <3oiN$: 
U)dAr 's HAPPE Nl NR? 


^ It's rut EXPANSION... -rue 

strain's qcrf Too AiUtrtj Its all BRCAKIW^ 
up. Excuse ne... 



X can't abie£, 
C/MM^E I 


■£'* Tusr r^kri^ 

* ume trip. 



You'll see. It'll calm 
Oouja/ A Brr evcwTuAU-V. 



Well i never.! #fe' s u5 

r ° peiut) r 0 R ourselves. 


o 

o 






£Jhe«e'd 'e <*o ? 


GncDSYF. 


Have a Nice 
Explosion . > 



f?UIN£D y 

(LTreALV Ruined / 


///M: 






'%,‘T LOOKS UKE A MAWH0L6 Cov£tf. I^-fo TH6 

p 

CAtjAcjoMES OF "tH£ . 


THE CONSERVATION 

OF NASS 



'That owes /of th/^k of 

HAPPENS IF you. aPSET A 
ice LdATefi oM A TABLE' 
HWreR SPREADS OUT. Th& 
c^O AUOMq roo_, BUT KEEP 
SHAPE AND SIZE. 







figCAUSB THF SIZE OF PAftT*l CLgS oF MATT&& IS RBlATbP TO TW^K /MSS, 

■£ t>ePiK.E -that lAASS IS Cof4se)fZV£P. 


Dc 


0 f\/ 'TtfF OTHBR. HAND, ~fHT PHOTONS 
SPREAD 0 \JlT ) 50 **£ LxS/NQ] BN BRGiY. 





/ £ f r g /S THE RADIOS Of TW£ UaJII/E^S^ > 'TtteKJ# 

•siNce -rue wa^lene-th A OP Photons undergoes ^L. 
-rue same exPAms/on CA carves uxe R), T also 

Deduce -THAT rwe £API A.7ION TeMPEAATU-Rg^ coHtcH 

I _L 

VARIES AS *X , PEER EASES AS «. . 



Ir's HAPfENiNG, TOST AS IF 
twe urJivetise creates its ou>ri 
SPACE, ITS COSMOroPE C*) o %y 

SECfigTiNGf . . . £*|Pf/AieSS. . , 


Mattel *”» ug,«t are trw -two different forms of 

-THE SMC EAiTiry : Bt&Wi I ^ ^ oToNS 

<H6lt SPEED OF 300,000 m/spc but LOSE ewe^v. 


(pj<r) fpoM CjOSMOS (Cosmos') and 'TOPoS CPlAce)_ 'The 

PlA££ THAT TH6 UNf\r£RS^ /MHA&ifS. 




Here's a qooo uf\y -TO V|5UAUz£ TH6 UMy TH6 PHoToN SPKE/\t>S OUT A 

/Rnd rne Accompanying zncrqy loss 7 

\ *BtCf hold does m prrrefc 

1) A A BEHAVE puRlNG THIS EXPANSION 






'Twe tifs/ivei?sE secretes space uke a creature qPoiviNQ a shell. ^h£ 

MORE T.TVE PASSES, the MORE SPACE WICLES MRVE TO MOVE AROUND /N. 
UJhEN THE Size of THE UNi^RSE PouBLES , the SPEED of AC^TAVON oP articles 
l+fllvE’S . So THEIR KINETIC £A/£R<q y IS DlV/DEJ) B/ 4. ^ s9eET> A<^\fA TiorJ 

VARIES /) s THE /Nl/fKSe op "T* 6 RA;>|US R ° F ^ on/ueRSE , uMEKEAS r*£ 

'TeMPeP-ATUfZe OF MfiTTEie VARIES AS 




£uA. .. WE SAW luST Nou> THAT THE ( 
RpiXH AT'lOW TeAAfeRMURt VARIES AS ^ 

So MRfTeR TENDS TO CCOU t>PDW GJUlCU^ 
o 

"THAN RAPlATloR. 


Eff^CTWELV BuT PHOTON 'MATTER collisions reheat it. HAPPeN 

meOu^TuV e*ou.Qri to a state or ^mownam.c «u,u W ,«m 

("1^ = T^,') foft A ce.tr ft period or rime. 




IMK5 y F0i.KS 



A WuWDAEO'I'H OF A SECOND 


ProWNS ) NEicTfZoN S ( Ant i Pi i ?0To(VS / 

A (VP flNTiNeixrtoN s oNLi <^o at owe 
-temth t#e speed op ug,ht c . 


\-£ 

7a, 

Jt 1 

3> 


ylki\ 

n\ 




'The temperature HA5 DRoPPeP to a 

hundred billion decrees, loell belouj their threshold 
temperature oe tlk/ tpill-i^ decrees. 'Thev ve Annihilated 

0A<^l 0TH6R IN) PA«P$ AT A TREMENDOUS RATE AND ONL^ 

OlsfE IN A BILLION SURVIVES . 


/O BlU.16^ /R- 



- Mosr of the pdarotis, 

^NlTlPAoroN < S ) ftMD ANTi NEUTRONS HAVE 
VANISHED. 'BuT u)Hy ARE THERE STU-L' tJU5T A5 

A1 ANV ELECTRONS *ND POSITIONS (aNTI elected) 

V AS BEFo^e 7 y 



THE THRESHOLD 
temperature op electrons 
is onlh siy Biu-ion 

DE6,R-teS. 


OWLV Siy b> LLY°(vJ BUNKirO 
decrees. . . wo ver ‘fHA'f ? 




/ 1 /Oe.U.j y«0L MUST 

ADMit rr’s A lo T 

, cooler... 


Noo that's ReAuy bczarrp ... THE temperature is 100 billion 
decrees . protons, NeurrRoMS : amo THeiR antiRARticlCS Move at one tenth 
OF THE SPEED Of U$HX But ELECTRONS ARE STill RelATIVISTIc. 


Yur. \A/ot ? 

Wojja MEArV ? 
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sysreM is snu- ikj a sta re of 'THEMOVINAMC equfuBRliM: 

-Thf coupling b etdeem Pill Particle spec/es, and radiation, is stiu. ivten sf. 
The kinetic ^wer e,ies of particles op matter- AR£ ( ow average, equal- 


^ m ffiOToN ^ V f*oToH 




/ \ Z 
eLecr&cN ^ V €Lecr*otJ ) . 



L-6T ME see... SINCE -THE mass Op THE 
ELBCTAO^ IS 1*50 <'MPS SMALLER THAN 
OF THE" PR°ToN ) rM€N I* oRPEft TO Ctt*P£ NSATE 

<>T A qiVEN TEMPERATURE), SPeel > ° F 

OP -THE ELECTRON MUST »C MUCH HI$H6£~ 


THRESHOLD ENERGY 
foA. THE CREATION cap A PARTICLE OF MASS TA 


Xj FACT ; SINCE TAP 


COOLS To TA& PO/NT AT R)rtlCH ITS SPE0J> OF 

agitation V IS noticeably smaller. THAN c, 

<He CREATION OP these PARTICLES CEASES 

amp their. population DR°p^ 


DRAMATiCAtty. 



c uvmeR iooRds: 

, F A popycRLA-noN op 
fAftricKLCS oP matter 
STOPS BEIN' RELATiVi5T|c|C, 
IT G|ETS DECIMATED! 





ft* A urn*, NOTH,N$ AII^HT exert 

PHoToRS ... there's a ftossiBiLify 


CWe of -the /major. mysteries of cosaiolos/ 

/S HAVING NO EX PLPNATloN oF OjHy MATTER. AND 
ANTlmATTeR D/Dn't TUST ANNIHILATE &\Cfj OTHER 
COMP LEft Li 



Ma Ype SO/nE''' 
Ptflce Ecsf THeRe ARE 

unneb ses -that 
■ MisfiBep 




At -THIS raiNT IN THE TALC, it's ALUlAl S -THE 
SAME. THERE COMES A MOMENT COHEN THE PROBLEM OF 

PlNTt PAPlTTCfc. IS TUsT SWEPT UNDER THe CARPET... 

Pff eft! Antimatter au_ c^one ! 


'Ti Rest as y let me remind you of 

OUR BULBS. ClNLi FACTS f No UJILD 
SPECULATIONS. 




CiBT-r IHC F£t> 

V Up UJ\TH EPISIOCofS. 


?S5SS>T 




THE RADiATiON ERA 



iwene’s not A lot in -rue universe at 

AloA^er^T^ AfAtfT FtfoM Ll(q«T. 



07 Hmmm... 700 
/ Fotf $oiN 

Fission. . . 


Te ENZRCkl f MftfTBK, 

OHICH WAS EQUALLY DlV/DCD 

INTO MATTEL/ ANTIMATTER, PHOToNS, AND NEuTRlNOS, IS NOW ALMOST 

exclusively in -the form of f ho Tons and meutrinos — RAdiATio^/, 

&ERV THE RADIUS £ OP TWF UNIVERSE PouBi-ES ; THE DENSrTV 

OF matter DEORe-ASES. SET's A SiMPte matter oF Dilution... 


DENSlTy OF MATTER. VARIES AS TH£ INVERSE CUBE OF TH€ 



On the t ujo - oinensional- carpet 
MNIVEASE , COHEN R DOUBLES ; T^C DENSlTy IS 
DIVIDED ey 2 tf <? = 3X/ ouA THREE- 

VttHzHStoNAL. uNiVERSE } n~ /$ ^cfu^LLy J>IVit>EJ> 

* 2.x 2* Z= *. 


But FOR U 5 PHOTONS ITS MUCH MoRF 
prAmaTiC, Ihe expansion uses up almost all 

OF OUR. ENERGY, 0lT BY BIT. THE AMOUNT OF 
ENERGY / MflXTtP- -THAT WF CARRY DECREASES AS THE INVERSE 
OF THE RAMUS "R OF THE UNIVERSE. 



Which means that -me density of ene rsy/maiter occuARi' 06 ' in the Form of 

PHOTON5 VARIES AS THE INVERSE FouR-TH fOWER. Of R . 
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NUCLEOSYNTHESIS 







'fHGY STAR : f BY RzPeliing, £ACH oTtfeft. 




UJheN Tu)o 8MWP5 collide ^ THReE 
things cam happen... if -THgy 
ARE MoViNC, SLOWLY, -THEY BOUNCE 
OFF EACH O' CHER . . . 



'Then THEY attract each other 
-TO FORM A SINGLE OBJECT. 


WooTS. PAdtof 


THE Bumps are moving, veRY 

QUICKLY, T HE7' CROSS EACH OTHER 5 

Paths so Past that they d° w 't 
have time to interact. 




'Thby can only 70 ' n together 

in A definite <AN$er op velocity 
of agitation (tEmpeRatuRe'). 



* violent collision with a 
Third Particle breaks up the 

structure' formed in THIS wflY. 







f 'Xhzss FUSION Abactions ^ 

1 PRODUCE THE FIRST ATOMIC 
NUCLEI ' 'fte f> Recess of 
MoR.PHO(qENE:SIS LEADS To THE FIRST 

Forms, the fust structures, 

S \/ /N -THE UNIVERSE' / 


Tt's 4N AMUSING) uiTTLE trick, that. There's hn ^ 

ArrRAcnve roR.ce hud a repulsive force. 4-r large dist ances 

/ 

-rue Refuisive force iv/r/s; AT SMALL P ISTavceS, THE 
OPPOSITE HAPPENS. 



T-'m GOING to tare some MAGfNEtS , AND COAT 


THEM IN RUBBER. 




o°° 



Now T'cu tip them into a 
LARC^e -tub of WATefi... 


THti CAN Move ABOUND. 





O ~o 

<9 


(SfitS'ftTj IT WORKS ( It S THf 

Temperature (.larger than the THRESHOLD 
tex REratuRE^) . Tne amount of aghtatioM ,s 



BtimeV *. Th^ balls is 

sticKin' TfRQC^FfiR ifj RAirs J 



Archie allows the water to coo 
■The -niftBiume decreases. At a 

CERTAIN MOMENT, SOME OF -rwe BALLS 
COUPLE TOGETHER- Bu.T, S/NOE THET 
TEMPERATURE COr^TlNUE S TO DROP, TH/S 

WUCLEOSyN'fHESlS stops. 


'That's it, lA afraid. It's too cold. 

'fHB BALLS aren't ACjITATED ENOUGH TO JOIN 
Together ANV MORE - - 


We're beiql 3 threshold . 





The same t*hn<g happens when -the tem perpctu&c of •rue' universe Dgops 


8Euouj A feu/ 


Billion peaces . That is, AFTER A FEtv MlNUTgS / 


"ThEnJ STRUCTURES WFTK TWO, THREE, OR FOUR 

^PRDTtfA/ Q/VEUT/?oA/ 


‘•'palls*' can form . 




1 PRoToinI 

1 JO&lKRofsl 

DEUTERIUM 

\ 




± PROTON 
X Ne.it tRoAS 





o 


2 PRofoMS 
A NEur/toni 5 



"TRITIUM HELIUM 

guT thf DEUTERIUM and 

TRITIUM 50 CREATED CAN COMBINE 
gy A MUCLEAR REACTION 1 

© + Sd -X§£> + o 


PgU.TER.UMT TRITIL/M <$/VE5 HEUUfl-t- NEUTX cN 

At this point , the uNivee.SE rs A 

HyDROCjENl BOMB. 



-The helium nucleus 
compact, and robust. If the 
Temperature u/ere to staV constant, 

THEN ALL. MATTER UJCULCi TURN INTO HELIUM. 

Sue after 34 minutes, the 
temperature falls -to 300 million 
decrees AMD The nucleosynthesis STOPS. 
The nucleons (protons and 

NEUaUoNs') NO LONGER HAVE ENOUGH 
V/ELOC|fy To OVERCAME 
g LECF R OSTATi C REPULSION. The 

game is PLAveO OU-T. 






'fne Remaining, Piece NEuTRoNS X>\SiH-TtQflfirre. Thev NAruRALLy 

unstable , *wp -transform • in/ 103 secofMDS— a PRoToN - ELSCTRotJ PAi <e . 



34 minutes have 

PASSED S/NC0 THt 

beginning, . 



At "THE END OF -THIS PHASE op DEVELOPMENT", 

UNIVERSE IS f\ PRIMITIVE SOUP OP PROTONS 

NGILTRiNOS, PROTONS, ELECTRONS, and HEUuM NUCLEI. 

By UJEIQHT, the MATTER, divides into 3 . 5 * 1 c helium and 
7 5°1o htdrogen Lfree protons'). 


■ — * — 1 

foft 7oO,ooO j years... nothing happens. The 

universe 05wriA/t>es to expand, aai0 thc photons expand 

t*>ITH IT. The Photon GAS CoNTinu.es TO H PAT THE iM/tTfifft,, 
/WD THE TeuipEAATU.^ft, AnP STAY EQUAL 

CTh ERA iooy a/ah i c equilibrium,). 






At JD 


THE TPMPEPATUPP drops -to ffiQQ DCGftecs 7 <eLV(N / 


|0 &“- LI 




DECOUPLING 


ONCE it UlAS OVER, PHOTONS COULD -TfiAveftse THB L£N$TH Of 
THE UNii /efl.se WITHOUT NOTICING THAT MATTER EXISTED. ProToNS AND 

matter meat Decoupled. rux> reasons. fiRsr , there was a lot 

of Room. Second, PHOTONS interact less WITH NfUTRAL matter Catom s). 




AfOG, on. . . dhen y er looks trough a reuyscopt^ xt & 
"straight INTO the past " DONTCRA ? 




y'£5 / BU.T EVEN WiTK A FANTASTICALLY POWERFUL 
TELESCOPE } you WOUi-DN’T BE abut TO OBSERVE a p«enomenon 
-that occuRREP when -the- UNIVERSE loA$ ONLY 700,000 YEARS OLD. 



mat reft and photons cease to interact and exchange euee&ij THERMODYNAMIC \ 
EQUILIBRIUM 15 DESfRoyeD, /)nd the temperature 'T' n of matter starts To drop 
veft-y Rapidly (As the inverse square of the Radius R. of rue universe)- 
lOH/Lr THE TEMPERATURE "Tft °F PNotonS - THE" RADIATION TEMPERATURE — be CREASE $ 
MORE SLOWLY j A5 -fC . y 


V^ ^.VOO ^ . 

FVeRvoNF 

Hz/wsetF -rvfg5>e davs. 




V 



• ... ' ^ , 





an 


H^y ; U)HATS HApfeMlNG,? 
Looks like nightfall. 

/A/vd rr's PftEEzjNG ojli^ 

AO, OF A- SuDpgN . .. 


yX<^\ O 

Wi!, 

\ -A\\>\: 






WMmi 

WMm 


*' - V v >‘/ 7 ' » ‘J. V jl 

lb* 





The universe enters a kiwd of TVoiu^ht Zone. It 
coi^f/NuES To cool down. The . sty changes from violet to 

DARK REP/ 6JHILE N(G,HT FALLS URE A FROZEN BLANKET. 

There are still a billion photons For each at am of helium 
or. HyoRoQfeiv. Burt TnesF photons, spread out By the expansion, 
ARE SUFFERING from A KiNP OF COSMIC ANEMIA... y 


ipt§ 

fifif 

mm 
111# 
Kilted' 

m 


Pm 


|J| 





The BIS BANQ is over For a thte, virtually nothing 
remains (owe particle" in a billion). Ijts as dark as A BlAc< 
Cat in a "Tunnel At midnight. 
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/Vd then the Uwivess* SET 

Asou.-f' structures > u>hich 

became MoRe ^or?e COMPLY.. 

fyUCLEi, ATOMS*.* 


LOHV flWe 'T'H/rJ^S SIMPLE 
when you c/w M/}«g- -nyg/vi 
COM PLICATED ? 


H pM .. 

VEfc umt Shagi^y < 3 ot> 

STouy, , . BU_T IT *5 TUST 
BL/rvX/r/' SPECKVEREATioN 
•'J'MEO -^E'ET/CALE FAfTTASlES. 

iy„T maaes y£R f/n< aeaut/ 
/s Refiu . y like thatT 



y9 



Now VitrtCHK MUCKIIS)' ABAHT u>IV \ 



You CL see. « 0 ,„ 6 

TO SCA/O MESSAqeS. 



At this ewp, A- roller 

A16v/rsi6) ft 7 CoNSTft/vT speeo 

c~ pulls ~the ~taP€ alc^c^. 


Ptf -x He OTHei^ eNP, A*/ OSC/llATO/Q 

(peWCULUM) TRACES OU.T A S/WUSOIDAL 

cuRve on rne paper. 


3 ; caa; Ree,ucA-re th^ 

FReQuewey N - -rne number of 
oscillat/ons secoNO - & aw«ot/m$ 

-rHe PoSlTioN OF THE M£lGtfT / 

ON "THE; PENDULUM A*M. 




,r /Vm' _£ can mu sirfe « ■ V . ^'-w.g of wf ««**. nro, 


-:-' : r\' 



/ -fH£Re ARG ^ 

eveftw second. So 6 ACH 

-fO-AND-mo OF Trie PewOULUM -takes oje N* DF 

A SGCOMP: THAT'S T*E ^RlOP OF -THE ^ **"* 

„„ - -r»p£ Moves a distance A= jj 

-TriftT -TimE , THE ^ KC 

tlWE tUAVeLEHATrf). 








■Xt's /aipoAtant; 
commNAJi cfi-rioni IS . 


Loco F«F<?UENcy, LOWa N 

pgftlOD, 1 AAQF UJAV/E LENGTH. 

High FREQueNcy, shoKt pe*iop> 

SM4U_ loAVELB^rH. 


f 3 _ caw use -tmat 

-fo COWMU^EATG- 



<3ood. dT'c-E r/?y aa/ exemmzbnfM- 

i-jOfvJGj - DISTANCE TRANSMISSION. 







Hey, wcrfeHA «p re/e? Are 

fiddlin' w/v r«e frequency ? 


Ah, it's sack to hoRmal aqain. 

Wiu-y- ye<e sure. yen s/isT^ 

peddlin'' steady- uke 7^^ 

^Of COURSB 


I 


Oh. £ Fought p£/? a moment 

yeR bin peddlin' quicker.. y 


^ V 


Certainly not 




Something, funny happens 

LJHEN X MOVE THE APPARATUS. 

IV Pu.t ir back DHerze 

IT LUAS. ' 

fST^TTLSX 





-TAft Rl&oA of EXPERIMENTAL METHOD 




uUiLLy, Ger peDtxiN/ j ■mmmit • 

PEDAL IWfe 

VovLTl^t^P! 

^ y dU . don't ukc IT, you <* w 130 
THF JOB (fJSTEAD OP ' 





Hold IT, HOLD IT ! ^ MftrS 


-THE Problem : 





"Tt's 0ACK TO NORMAL A^A/N hJOuJ 

x- — 7 .>>^/ ESlt A ujHILe A( i 0 THe ^AyELErJQ^H 

/ ^^^^suDPe^Ly /ncREased (A). -That is, the Apparent 

FfiEQU. ENCT OF THE DECEIVED SIGNAL DROPPED. T5 eN, 

' /^ rfie*. AN /NTEAvAL OF NOPAML PECePt.oN (Tb), THE FRFQuTMcy 
f LEASED ... THAT «, THE WAVCLe^TW A ^OT SWOftTSE. 


Hey j you Ctuys \ 


Caki x s 


to p 




\ ies, 

— V^Jto LD you ti- 

t-OiLiy SMS He aefr peDAuNft 
"STEADILY ALL THE TlMS . 


<HC TPPPLt- 

ritzy wyflj' 


A 





PefiHfiPS rHE PAP&Z- 

STRETCHED OR SHRUNK 


No , AEcHIE. Tx's -THE 
DOPPLER- FIAEAU EFFECT. 


UJHeN you (Ac a/ED TH6 CART, cn^eo 


^TH6. APPARENT FiREQu^NC/. 


m 


U)t\£N T H6 CA&T Moves 

"THe- sinusoid is sreer chq>, am> 

■rue F^eQueNcy appears lowSR. 




UJhcn "The cAftr KetuamS, advanc./^ along -fiie taps t the s/nvsojd 

IS SQUASHED, MO THE FREQUENCi APPEARS TO BE HIGHER.. 





That's exactly ujhat happens dhen y ou listen xo 

the WHlStLE OF X TRAIN PASS, HE, AT HIEiH SPEED. 
a)HE/V n-'s approach INS , the sound seeMS HIGHER j wHew tr 
Passes -THE SOUND CHA N$es ro A u>*r* note. , 



w? 




Hey, that's interesting, . • \ — 

coiTH A SySTEAl UKE THA-r, /p 

i kwolj ahead op Tune the wavelength 

of -rue signal being emirrep 8/ A 

MOTIONLESS SOURCE, X CAN CALCULATE 
THE SPEED OF APPROACH op RECESSION 
Of 7H€ SOUKCg'. 


' JD cbHA'T HOLDS FOft 5 OUND \ 

IS ALSO TRUE OF LIGHT. OBJECTS 
-TAPrr MOV/MG* fliufly LOOK, wcae zeo, 

/4ajd rnose -r\kf\r we apppoacHiNGj 




5 6 


LOOK MORE BLUE. 







(JmPE. So wozzflT MEAN? P/nqS 
h 'accellyrate when Tuev Ter further 


Aujav fami us ? 



^ Not exactly. < H& carpet- ' 

6x PAN D5 IN all DIRECTIONS. Ha1A<5INE 
a- Point A toHicH, AT 'T/Mg -£,= q 
IS ONE MFTEA flujfl-y. owe 

SECOND, IT IS AT 1.2 MgTeRS. So ITS 

spgeD °f Recession / s % cmIsec. 



T 1 




V/' / 


■B' ' 

I 


'Xn THE SAME PfRiop of 
A- point B, situated initially 
A^ET gRS AWAY, ENDS uP AT A DISTANCE 
OP a.H meters (at B'). And its 
steed op Recession RELATIVE y 
T6 yo(j is 40 cm /see. 


''The DOPPLER effect tells 
You. RELATIVE VELOCITIES. 



'TritRE's NO VARIATION OF THE 
wavelength if both -transmitted 
Ants Receiver move at twf same 

SPEEDS ON TMRALLEL PATHS. 







''ftfAf's ce&rfinNLi aw /dea, "TiPesiaS — /n -rue 

IMAGINATION AN/TH INC> IS POSSIBLE uJhAT yoU 'fie Zeftlll SpyiM<$ 

ls that -the laws op ftiysics mi^ht evolve i/y t /mb, torficA 
/s AfW i pea su^espei) BV Fpep Hoy lb. 


HEAVEN S FUNDAMENT 

iS COLD 



But -Theae's ANorweA aa^i/ment in 

FAvioR OF -rpp EXPANSION, fiUO ITS 
COtfOlXAPy, w 0MG, 



c o 


A WHILf BACK, tOE 5AUJ THAT ONLy ONE PHOTON jri A BILUON WAS 
TRANSFORMED into matter. 


?c 


yAwD amt i matter. 


So THESE should still. Be A LARse mu/WBER op these 
Primitive photo hS, A8 out 5oo Per oub/c cemtim ftcr . (And as^-— 

AiAWy NBUTRlHO^ , but THey'Re HAfipen ^ 

-to det ecT, ) r — 


irigltf UJW\€E£lO$lW SHOULD B r ^ 

/AGOU-T 5" MM j UiHICH CORRESPONDS TO 
A radiation temperature of 3 vendees 

Absolute C-270°c). 


* A * 




1 \r>i 


'These PHOTONS; of veRi low eweye^V t 

U)6Re DETECTED 87 'PeNZJAS AND tOlLSoRl /N 
ftk/J. "They ape TNF C/MDEPS of TH£ Bl<A 
QANQ'j tangible proof of tne <srfat 
Cosmic dance. 



FRiEWMNN MODELS 


SOPHIE - LoHAT CAUSES 
THE H 'GXPANS\ON OF THE 
HN/iVFftSe ? . 



3^5 w PRESSURE forces. 

3 - T HAfPzN S BFOhjSF THE UMii/e^SE 
zxpLopeo uk e a- Bom 8 . 


/\md voes nothin^ 



Opposr -THIS EXPANSION 






')H£ FofcCE OF 
TFM)5 *TO THF 1 

UNivetf.se comF Together 
/\CiAlN-TO /M PLOD * 


^O-T CAN BE SHOWN 
5 UCH A BALANCE IS //VfFbSSIBLE. ^ 
" 0 -/e slightest DISTURBANCE AWW 
FROM 'BALANCE/ AND 'THIS "STATIC* 
UNIVERSE toomt) CITHER. 

IMPLODE OR exblo&e. 


So CRrNJT ye& 'FiMK OF A 
MMiyeFse ojhpre -rwese 
FORCED, PRESSURE an' 
GFAV'/TA'TlOA/, BALANCE 






EX PL0SJ6A/ 


poi^m 



FXpLOSiOtsJ 




Pgft phenomenon of Action/ HAS Gi N .EFFECT ON DeR 
Eim object vot MoofS AT a speed 
APPROACH/^ j>*T OF U£)HT i 300,000 KmIsEC, SEEMS- 
Relative to us ; dg opserverS- to Be in a different 

"TIME BUBBLE." Ve OBSERVE ITS MESSAGE AS A K'ND 
OF SLOW- MOTION FILM. 


/\ivo if this °6Tecr Moves aujav f^oM us AT rHE 

SPEED OF LI$HT ITSELF, THE TVME DlSCONNECTjoN B fCAMES 
TOTAL. XTS T/Uie SEEMS TO FLOU) LIKE TREACLE"- 




ooohK/s 



Because or ttus slippage , this skidding 
of times relativ/E to each other, the 

FREQUENCY OF WAVES AT THE RECEIVER IS LOWERED. 
And this Phenomenon, a Relativistic efeect, 
acts 10/ ADDITION TO THE DOPPL&f? EPTecT . 
I/Uhem THE VELOCITY Of Recession Of TH6 
TRANSMITTER RELATIVE TO US, REACHES C, THEN 
THE FREQUENCY OF THE RECE I UeD loMBS f4LU5 TO 

T.ER.O. The same qoes for -the eiME^y, the 

WAVES' AND THg MESSAGE / 


UJaves op zero Frequency ARE 
UMves ^oodb/e ! 


(*) See EVERYTHING IS RELATIVE > Same series. 
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fo(L rne OBJECTS THAT SURROUND u5, A RELATIVE VELOCITV equal 
- ro ‘300,000 kmIsec. is attained on a sphere called rwe HORIZON. 

■£t is NOT -the FRONTIER OF THE TH/N^S THAT EXIST ; bu-T the fRoN-ne/t OF 
'THE IhUNGS vj£ CAN KNOW ABouT. The accessible universe /S 
OAST A T; /vy PAG.-T OF T HE VASTER UNlveRSE- THIS HoR>ZON (S AT A 
PISTANCE of so/HE Tews OF biluons of Lic^HT- hears. Th<t RANc,£ 

OF rue Mosr Powerful- telescope on rne eARTH rooAV / the PALO MAR 
TTLEScoPE , IS A-&OUT ± BILLION Zi G, HT- VEARS . 


So wHAT. now, is 'THE MEANING oF THE RAMUS fi. ‘F THE 

Unjiv/e^sc : 


OuR. 5T0R-V BEGAN DHEW THE 
UN/ VERSE UPAS a$ed one HuWPREP TH 
OF A SECOND. _T/VA<?in/e THAT HT THAT 
Moment we had DAAWW A circle, 0£ 

better a smete , of Aapns R. Tner^ 

Follow the expansion of THAT s PHfRe oF 
REFrfte NCE AS TiiME FLOLUS. ThATS ALL- 



(#') See Here’s lookim<$ at eucuP, SAME SERIES 








Om the or he* hand, if t He impulse 
trie sph-iVS '$ -too t o£*< y oR tne magnets too 

< 

STf?OMCi, -THeN THE SKAfES WILL RETuflN , "FALL-iN^ 
TOWARDS EACH OTHER. AT AM IMCAEAS/N<i SPEED. 



THIS 5U^665T5 -TWO possible TVPES oF uMivFp.sE: 

Piftst scenario : the expansion continues indefinitely. I/Jhen the last staes 

iECO/Me exTlfVCT, tHEPe wile be ETEAMAL NICjMT, ABSOLUrC- COLD / -fXERMflL DEAfri . 


6 ? 




Second scenario-, the ponces op qravity finally 
loin out. after reaching, its maxi/ml extension, 
the universe "falls sack on itself. All s tructuPBs- 
GAlaxies, stars — are squashed flat. Ihe very 

ATOMS ARE broken. AND THE B/q BAWq ON BANQS 

itself ACjAiN . . . Ready fqy? A nel) rebound of the 
universe, and a nen phase of expansion. 


'^'fn£ Swiss MATHEMATICIAN^^ 
fGltVMANN invented Trie first 

NON STATIC MODELS OP TH£ 
UNIVERSE' IN l? 30 . 








X X^F XT HAV K^ocON 0£fL 

uN/veR se o5uU> be NoMsTAHorvARy 

J 

X VOUID HAF* PI SCOFFED DFH 
. BEFOfie f^iePAVlHNC*), 


Mft Albert, who- at the cost of 

Also Lure L~y iA\ro ssiblE mathematical acrobatics-— . — -yT / 

HAD -BOTCHED a? AI5 STAUoNAfCI MODEL IN i < ?l7, vJAS SOMEWHAT 
Peeved fpiEPMANN aad stolen his vicroty. He sulked about 



General Relativity Fofi. many lonq years. 



' ' ACCORDING] To THE FplEDMANrt 

MODElS ) THE UNIVERSE UNDERGOES INDEFINITE 

EXPANSION IF THE ( PRESENT ) DENSITY OF 

-30 

a/Mttc*. is Less than 5 x 10 qrams Per 
cubic centimeter 'The universe uould 

Then! have AN INFINITE volume' } AN INFINITE 
SPATIAL EXTENT 

REMM< OF £\NSrtlN. Q 3 


THE GEOMETRY 

OF THE UNIVERSE 


'fue vnner sf is, r<3 us, A i=oue— 

D/NtgKis 10NAL H'/pe.f&uKfftcg j irj tvHicH St ’ace and 
T/ rYlF Al?? INTERMINGLED. THF IDEAS DISCUSSED 
ABOVE CORRESPOND -ro DlFFefieNT PRESENTATIONS 
oF THIS UNIVERSAL FfSfTlTV TttAT IS 
SPACE -'ll MC. 


f?ecALL that the number of dimensions 

a space |S the number of quant, ties 

needed ro D£ri „ e rrtf PoS|T/0/v op ^ p0(/vf 

\X t 




Me eX CD /'Tuesday at /I o'clock 

OF (Z) [SiXTH AytNu~j 
© [THIgp pLOOft 


In/ DRAWINGS, uj£ CAN» ONLY 
R£PR£ Sff\|T SPACES OF Tu)C 

D/MFNS/0N5 , Surfaces. 

S 0 we can sruoy fl spacf-'T/me 

toirn Tu>o Dimensions, one of 

space and one of T/Mf. 
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A QiYE rJ INSTANT 

object IS RerftescNTtb &i A 
PO'NT M o* ™ e 5uftr * ce ; ANP fHe 

WW(V e«e fl-r t-at y^rnNT 

ro a circle 

A A 

• *\m 


Zn this loat the F'A$r model of \ 

A CEO SEP uNivcuse , -rH* statk At^ei- 

0 f BiNSteiN, is RertaseNireP as 

A cvLiNoe#. 


Lessee * AA - if ± unnerstan'^ 

O 

coe'Ae inside rue cylinder . 



file, oN_ IT j 



^ Zp the object is motionless 
i~f DfscftiSES A Generator, op the 

CYLINDER- C A UNF ALoNGf IT'S 

length) as VME flows. 


A'MEr^ 


foR EXAMPLg, here's \ 

A Tujo - p/MeMsioMA L 
P’lCI'u^g Op AM ( AIDEF'N'T^^ 
EXPAND!!^ SPACE-TIME- 



A Zt is easy to represent -the 
expansion of this closed 
UNIVERSE a function] of time 

Giving, a Constat ionary model 

or rwe universe. . 



PRESENT 







So THAT'S iOHAT cue KHOU) 

about thb or 


TUB UNIVERSE. 


/nf LEAST t rrifiTs idHAT^ 
LOE cugJZEtJTLi WB 

tfNCto/. It's chanc&o 

/NNj/HEfc-ABLE -T/MES irsl 

The tAsr 5000 yen#/ -- 



EFrofiT ro undeks tand TWH 
U/Vfve^e IS Ofje of t hb i/eftv ^ 

fH //vJGtf THAT LiFT-S HUMAN Uf£ * 

Little above the level of FAficB , ani> 

£ |V£S IT SflMe OF 'THE' Gt^ACE of 
'TRACED'/. * 

Stcvem (aJeiNBEKO 
'The First 'Thkee MiNirrgj 


I 



COSMODRAM A 






' ~ - — \1L0A 

time 

TEMPEftflrURE 

DE^SITy 

( <2-3_S 1 r * 

PHENOMENA 

BEFOtff. .. 

T > /o' z d^ 


? 

1000 SEC 

300 BiU-iorJ 
pee,. 

l ^U-lBKlOf* ) 

UNDlFFefiENTiATEP SOUP OF PHOTONS, NEUTRINOS, 
ANTINEUTRlNOS (the PHOTON IS /TS OuW 
ANTIPARTl OLE), PROTONS, ANTI PROTONS , | 

NEUTRONS , ANTlNEUTRoNS } ELECTRONS , ANP 
ANTI ELECTRONS CPOSITRONS) . 

f 

loo sec 

/0O B/llion 

DE$, 

^ B /U.I OA* 

j 

C»M / CM 

SlAuCHTER OF THE HADRONS C PR. 0 T 0 NS, 

ANTtPROTONS, NEUTRONS, A nT!NE UlTRoNs)'. 
OuE IN A BILLION REMAINS. 'J'hE REST 
HAVE SEEN ANNI HILATEP 5y THEN? 

ANTI PARTICLES, PRODUCING, PHoToNS. 

To sec 

30 BRLiorv 

. 

° 

Not a lot. -Too Hot FoR atomic 

NUCLEI TO Form . 

1 sec 

IO BULLION 

pe<$ . 

3go^ ooo 
Cm /cm 3 

Neutrinos "uve their oujn uues* f\nP 
CEASE TO INTERACT UMTH MATTER. 

13 sec 

3 Billion 

dee. 

23k -fe 

"Settle Bertoztttj -the euzcrzaNs anp rne 

ANTI ELECTIONS . ONLy 0 N& f\ E>ILLlOtJ 

SURVIVES. 

3 M/rY 

1 BlU-ioN 

OEE. 


Nucleosynthesis : formation of Heuum 
nuclei. Disappearance of free neutrons 
Clifetime: 10*1 sec). , 

35 m/nj 

300 Million 
D ec-, . 

/ GM /cM^ 
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HkNenTion or THE ATOMIC bomb... 




